For forcing of Easter lily, bulbs harvested from late May to late June in Okino-erabu island (Kagoshima Prefecture, Japan), certain hot water treatments are required for release of bulb dormancy before the low temperature vernalization treatment. In this report, the authors describe another method for release of bulb dormancy: low O 2 concentration (respiratory control) treatment. The effects of low O 2 concentration treatments on bulb dormancy release were investigated by the following three methods: cool water dipping, airtight packing and packing with dry ice for 24, 48 and 72 hrs with bulbs received in late June. In the standard cultivating procedure for forcing culture, untreated bulbs did not sprout until late November. However, bulbs treated by cool water dipping, airtight packing and packing with dry ice for 72 hrs, sprouted (100, 100 and 91.7% respectively) and flowered by mid to late November, while bulbs treated by hot water soaking (the standard procedure for dormancy release) also sprouted (100%) and flowered by mid November. The cut flower quality of bulbs treated with anaerobic conditions was better than that of bulbs treated by the hot water soaking method.
INTRODUCTION
In Western countries, the demand of Easter lily is temporary with a rush on Easter Day (the date can occur from March 22 to April 25). Therefore, the dormancy of Easter lily has never been recognized in Western countries (Miller, 1992 (Miller, , 1993 . On the other hand, the market time of Easter lily (shipping mainly as cut flower) is very long in Japan, from mid September to late June through various cropping schedules (Yamazaki, 1993) . In Japan, the problem of Easter lily bulb dormancy has been serious, especially in the forcing culture for shipping from September to November, because it is necessary to dig up bulbs earlier for earlier shipping. In the natural condition, the bulb dormancy is deep during early June to late July in Okino-erabu island (the main site of commercial bulb production in Japan). Hot water soaking method (48°C, 60 min) proposed by Matsukawa and Kashiwagi (1971) for the forcing culture is now widespread as the standard method in Japan.
In 1986, Yoshida et al. found the phenomenon that bulb dormancy was broken by dipping in running water. From this information, the first author set up the hypothesis that dormancy could be broken by relatively short term treatment of respiratory control (low O 2 condition). In this report, the authors will describe another method for release of bulb dormancy, that is, low O 2 concentration treatment.
MATERIALS AND METHODS

Plant Material
Commercial bulbs of Easter lily (Lilium longiflorum 'Hinomoto') with circumference of 19-22 cm (100-110 g FW) from Okino-erabu island were obtained in late June, 1992 and used in the following experiments.
Treatment for Breaking Dormancy
The effects of respiratory control treatments on bulb dormancy release were investigated by the following three methods: cool water dipping, airtight packing and packing with dry ice, and were compared with that of hot water soaking. All treatments were finished on July 7, 1992.
Hot water soaking method: Bulbs were soaked in 45°C water for 1 hr. After the removal of aged roots, bulbs were packed in a container with sawdust (Matsukawa and Kikumoto, 1967; Matsukawa and Kashiwagi, 1971) .
Cool water dipping method: Bulbs were dipped in water (20-22°C) for 24, 48 and 72 hrs.
Airtight packing method: Bulbs were put in a thick polyvinyl chloride bag. After squeezing out the air from the bag, the mouth of the bag was sealed for 24, 48 and 72 hrs. After treatment, half of the bulbs were dipped in water for 25 min to supply moisture.
Packing with dry ice method: A block of dry ice was packed in an airtight box with bulbs. After sealing the box, the dry ice block was gasified. The box was sealed airtightly for 24, 48 or 72 hrs. After treatment, half of the bulbs were dipped in water for 25 min to supply moisture.
After treatments of respiratory control, all bulbs treated were packed in containers without sawdust and without removal of roots.
Cold Storage for Vernalization
All bulbs including control (not treated by dormancy breaking treatment) were stored at 14°C for 44 days. After the cold storage, all of the bulbs were planted in a greenhouse and cultured without heating until December 31, 1992 when data were recorded.
RESULTS AND DISCUSSION
The results of these experiments are shown in Table 1 . Untreated bulbs did not emerge 2 months after planting. Bulbs obtained in late June 1992 were in deep dormancy. After hot water soaking, emergence of bulbs occurred during cold storage, and flowering within 88 days after planting (mid November). Although the flowering was delayed by 9-43 days, all three methods of respiratory control were effective on breaking bulb dormancy. However, the bulb moisture before cold storage is an important factor for breaking dormancy. When bulbs were dipped in water for 25 min after respiratory control treatments for 72 hrs, sprouting occurred with 91.7-100%. Besides, the shape of cut flowers improved by respiratory control treatments, e.g. longer stalk, larger leaf blade (Table 1 ) and thicker stem (data not shown). Yoshida et al. (1986) reported the effect of bulb dipping in running water on the breaking dormancy in Easter lily. They guessed that the reason why bulb dormancy was broken by dipping in running water could be elimination of sprouting inhibitor (unknown, supposed substance) from bulbs by diffusion into running water. Another view was that bulbs dipped in water were exposed to anaerobic conditions during the treatment. That is, the respiration of those bulbs was considerably inhibited. There are several reports describing the promoting effects of anaerobic conditions on the breaking dormancy of seeds (Fujii, 1975; Masuda, 1997) and woody plant buds (Rünger, 1971) . From this information, the first author of this report set up a new hypothesis in which dormancy could be broken by relatively short term treatments of respiratory control (low O 2 condition). The results of this report indicate that the effects of water dipping are physiologically breaking of bulb dormancy rather than the elimination of an inhibitor, because there were positive effects of airtight packing and packing with dry ice treatments without dipping in water. The first author tried the respiratory control treatments on dormancy release of other horticultural plants, such as gladiolus cormels, balloon flower (Platycodon glandiflorus) crown, Thunberg spirea (Spiraea thunbergii) cut shoots with dormant flower buds, grape (Vitis 'Delaware') cuttings (estimated by rooting). Dormancy of all four species was broken by cool water dipping or airtight packing treatments (Amaki, 1995 (Amaki, , 1997a . The mechanism of breaking dormancy by treatments of respiratory control is still unknown. However, the procedures of respiratory control are relatively simple and require low labor. In practice, respiratory control treatments are sufficiently effective methods to break dormancy in several horticultural plants.
In conclusion, cool water dipping of dormant bulbs for 72 hrs before cold storage is a practical and effective method to break dormancy in Easter lily. Moreover, simple packing procedure for cold storage described in this report (without packing materials, without removal of aged roots) resulted in a remarkable reduction of labor for Easter lily production for forcing culture. 
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